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THE RESPONSE OF HUMAN SKIN TO LONG-TERM
SPACE FLIGHT ELECTRODESE
L. F. MONTES, M.D.,** J. L. DAY, B.S.*** AND LOFTON KENNEDY, B.S.***
The utilization and performance of skin elec-
trodes applied to humans during prolonged periods
of time has been described in a recent publication
(1). Those experiments were designed to investi-
gate the difficulties encountered in using skin
electrodes for the recording of physiological data
during prolonged space flights. This report de-
scribes the results of a dermatologic evaluation of
long-term electroencephalogram (EEG) and elec-
trocardiogram (ECG) electrodes. These electrodes
were identical to the NASA Manned Spacecraft
Center electrodes used on the Gemini Program
Space flights.
MATERIAL AND METHODS
Ten healthy normal men, from 27 to 39 years
of age, with no history of dermatosis, were used
in this study.
Electrode Application
All ten subjects had four electrodes apphed on
the chest and six electrodes on the scalp (Fig. 1).
Before the EEC electrodes were applied, the site
was skin-drilled (2), however, no drilling was used
for the ECG electrodes. This was staodard applica-
tion procedure in the Gemini Program. Skin drill-
ing is a method described by Shackel (2) whereby
a spherical dental burr rotating between 2,000-S
5,000 r.p.m., is applied lightly to the surface of the
skin uotil a shallow, circular depression is made in
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the epidermis. By eroding the outer epidermis the
skin resistance diminishes, which results in sig-
nificant improvement in the zero stability of the
recordings, in reduction of Ihe interfering poten-
tials, and in the reproducibility of the results.
For placement of the EEG electrodos, the scalp
hair was removed by electric clipping. Three of
the electrode areas (Nos. 2, 4, 6) were treated also
for 10 minutes with a depilatory, Surgex (Crookes-
Barnes Laboratories), containing calcium thyogly-
cellate, calcium and strontium hydroxide in an
emollient base. The three other areas (Nos. 1, 3,
5) were not epilated. Before the hair was removed,
the skin was swabbed lightly with reagent grade
acetone. The EEC electrodes were held in place
using Eastman 910 (Eastman Kodak Company)
as an adhesive Stomaseal (Minnesota Mining and
Manufacturing Company) tape was used for the
ECG electrodes.
Electrodes
The current NASA-Manned Spacecraft Center
Crew Systems Division electrodes (Fig. 2) are
silver/silver chloride cemented in a methylmethac-
rylate (Plexiglas, Rohm and Haas) housing with
an epoxy resin. The epoxy not only maintains the
position of the electrode disc, but it also insulates
the compound metal junction where the wire is
soldered to the electrode disc. The solder joint
must be insulated from the electrode paste to
avoid corrosion which will deteriorate the elec-
trode and will introduce clectrochemical noise
into the system. The electrode area is one square
centimeter for EEC and two square centimeters
for the ECC. The electrodes are tested prior to
use and rejected if the inter-electrode potential
in 1 normal (N) sodium chloride (NaC1) exceeds
my after equilibration. An annulus of Stoma-
seal tape, with protective covering in place, is
applied to the electrode flange. The electrode res-
ervoir is filled with the electrode paste, as pre-
viously described (1), which has an ionic compo-
sition of ten times isotonic Ringer's solution. The
paste is adjusted, but not buffered, to pH 7.0.
The adjustment is made by adding the necessary
amounts of a 6 N solution of NaOH to the paste.
Care must be taken not to overfill; filling evenly
to just below the flange level is sufficient. A 2 ml
syringe is convenient for this purpose.
The direct-current (DC) resistance and skin
potential were measured immediately after appli-
cation of the electrodes, and at 24 hour intervals
for fourteen consecutive days. All measurements
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were made against a freshly skin-drilled site (2)
on the upper arm as the arbitrary negative pole
of the system, since scarified epidermis is con-
sidered electrically neutral (3). A Boonton Model
95A DC Microvoitmeter (Boonton Electronics
C
FIG. 1. Diagram illustrating the
thoracie and scalp electrodes.
distribution of
Corporation) was used for potential measurements
while a skin resistance amplifier (Biophysical Re-
search Instruments) was used for resistance meas-
urements. This unit provides a 10 or 20 microamp
constant current source and displays resistance by
converting the voltage to resistance using Ohm's
Law, permitting measurement of skin resistance
with minimum trauma to both the skin and elec-
trode.
During fourteen consecutive days, dermato-
logic examination of every subject was performed
daily with particular attention given to the skin in
and around the electrode sites. When an electrode
was either removed or came off spontaneously, a
biopsy specimen (2—4 mm punch) was taken from
both the electrode site and the skin under the
flange area. At least one EEC electrode and one
ECG electrode were removed every day. Also, two
control biopsy specimens were obtained from each
subject at the beginning of the experiment. Thc
right parietal scalp region, and an area over the
5th or 6th left rib in the midaxillary line were used
for this purpose. The specimens were fixed in 10%
formalin and embedded in paraffin. Serial sections,
four microns in thickness, were stained by several
different technics (hematoxylin and eosin, periodic
acid-Schiff (PAS) with and without diastase diges-
tion, Masson's trichrome stain, Giemsa for tissue
sections, Von Kossa, and the MeCallum-Good-
pasture technic for bacteria in tissue).
RESULTS AND DISCUSSION
Clinically, excellent skin tolerance to the elec-
trodes was observed throughout the entire study,
and only a few transient Skin reactions were seen.
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From a total of 40 ECG electrodes, mild tem-
porary erythema was observed in five. Two in-
stances of folliculitis and one of localized edema,
both of minor degree, were seen. Miliaria, al-
though occasionally present beneath the Stoma-
seal tape, was observed only once in the electrode
sites. This was interesting since the study was per-
formed during the summer in a non-airconditioned
environment using ambulatory subjects. The EEG
electrode sites (60 total) were all free from side
reactions. Sometimes, as a result of the rapid
growth of hair, mechanical difficulties developed
in maintaining the attachment of the EEG elec-
trodes to the scalp.
Ilisto logically, a comparison between specimens
from control biopsy specimens and those obtained
throughout the experiment revealed no significant
differences. The stratum corneum and the Mal-
pighian layer were both intact. Basement mem-
brane, dermis, and skin appendages were also
normal.
Clendenning and Auerbach (4) have described
calcium deposition in the skin following prolonged
contact with electroencephalogram electrode paste.
In view of this, our material was also stained by
the Von Kossa method. Negative results were ob-
tained. The low concentration of calcium chloride
in our paste (0.33%) probably explains this.
Observation of the eccrine sweat glands within
the electrode area showed that the excretory ducts
were normal at all levels. Thus, a correlation could
be made with the absence of clinical signs of
miliaria. The secretory tubules were also normal
and showed usual amounts of glycogen.
The study of PAS stained sections revealed pro-
liferation of fungi in the stratum coraeum of
specimens from several EEC electrodes. Likewise,
sections from those same specimens stained by
the McCallum-Goodpasture technic showed that
bacteria were often proliferating in large numbers
in the superficial stratum corneum, particularly
at the follicular openings. This observation raised
the possibility that the electrode paste might per-
mit the viability of microorganisms. Also, it
seemed that an increased hydration of the horny
layer would provide an ideal environment for
bacterial and fungal growth. Interestingly,
O'Brien's (5) skin inoculation studies were per-
formed by means of an occlusive technic provided
by a cup similar to our electrode housing. This
phenomenon was not observed under the thoracic
ECG electrodes.
Electrically, the scalp sites in general began as
slightly positive (5 to 20 my) in relation to the
drilled reference site. As time progressed, the
scalp sites, in general became less positive, and
eventually, negative to the reference site. This
may reflect an injury potential which increases
as the stratum corneum of the scalp regenerates
(6). It was the rule in our study to find the po-
tential becoming more negative as the resistance
increased, which may indicate regeneration of the
superficial barrier membrane.
The thoracic ECG electrodes, on the other hand,
generally were negative in relation to the reference
site (20 to 30 my) showing much higher resistance
due to the intact nature of the skin. In the event
of a low resistance, the potential was usually
positive or much less negative than the higher
resistance electrodes on the same individual.
5IJMMARv
ECG and EEG electrodes, identical to the
NASA electrodes used in the Gemini Program
space flights, were applied to the scalp and chest
of ten normal subjects in the astronaut age group.
Daily dermatologie evaluation of every subject,
performed during fourteen consecutive days, re-
vealed excellent skin tolerance to the electrodes.
Histological comparison between specimens from
control biopsies and others obtained throughout
the two-week experiment showed no significant
differences. However, specimens from under sev-
eral EEG electrodes showed that proliferation of
bacteria and fungi may take place under the elec-
trode housing.
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